This study investigates the combined effect of bamboo charcoal powder and bamboo vinegar liquid (BCV) on the growth, fecal microflora population and intestinal morphology in Betong chickens. A total of 128 4-week-old Betong chickens were fed a basal diet supplemented with BCV at 0, 0.5, 1 and 1.5% level ad libitum for 16 weeks. The 1% inclusion of BCV gave the best growth performance. Carcass traits (yield) and visceral organs were not significantly affected by BCV. Jejunal villus height and jejunal villus area were also the highest in the 1% BCV group. At 140 days of age, colony counts of fecal Escherichia coli and Salmonella spp. were comparatively low with 1 and 1.5% BCV. The present results suggest that BCV could be used at a level of 1% in Betong chicken diets.
Introduction
Betong chicken meat is one of the most commonly consumed animal protein source in the lower southern part of Thailand. It has high nutritional value at a reasonable price. Generally, Betong chicken production has widely used antibiotics in feed to improve growth performance and to prevent diseases. However, with bans on the use of antibiotics in animal feed and increase in food safety concerns, it is necessary to find alternatives to antibiotics. Natural substances improving the health of the gut are such potential alternatives. Bamboo charcoal is an activated charcoal made from thick bamboo stems by dry distillation. Bamboo charcoal is a universal adsorbent, and contains a complex network of pores of various shapes and sizes (Zhao et al., 2008) . Its powder has been used as an oral antidote to reduce the absorption of poison from the gastrointestinal tract. Activated charcoal in general acts as an insoluble carrier that nonspecifically adsorbs molecules, thereby preventing their absorption (Anjaneyulu et al., 1993) . Another alternative may be bamboo vinegar, which is obtained after cooling smoke during manufacturing of bamboo charcoal. The main component of bamboo vinegar is acetic acid. Acetic acid was reported to inhibit the growth of pathogenic bacteria and to accelerate growth of beneficial bacteria (Watarai and Tana, 2005) . A mixture of bamboo charcoal powder and bamboo vinegar liquid (BCV) has been recently formulated and tested as animal feed supplement, and it has a positive influence on duck growth (Ruttanavut et al., 2009) as well as layer performance (Yamauchi et al., 2010) . However, no production performance of meat type chickens fed BCV has yet been investigated. In this study, the effects of BCV treatment on growth performance, fecal microflora population and intestinal morphology were examined in Betong chickens.
Materials and Methods

Animals and Diets
All experiments were performed according to the humane care guidelines for the use of animals for experimentation as provided by Prince of Songkla University, Thailand. Betong chickens of both sexes were obtained from a commercial farm at 7 days of age. The chicks were housed in electrically heated brooder cages under continuous light for four weeks, and they had ad libitum access to water and conventional starter mash diet. At 28 days of age, the birds were weighed individually; the heaviest 5% and the lightest 5% were discarded, and the remaining birds were randomly divided into 4 groups with 4 replicates of 8 birds (4 males and 4 females) on the basis of similar body weight. The birds were housed in 1 ×1 m pens, in an environmentally controlled room under a photoperiod of 14 h of light.
The basal diets (Table 1) were supplemented with BCV at 0, 0.5, 1 and 1.5%. Commercial BCV was produced by the company (Shikoku Tekuno Co., Ltd, Kagawa, Japan) as follows: bamboo vinegar (Table 2) , obtained after cooling smoke during the making of bamboo charcoal from moso bamboo (Phyllostachys pubescens) by dry distillation at 700℃ in an airless condition, was kept for one year. Then, the skimmed solution was distilled to remove harmful substances such as tar. This bamboo vinegar compound was adsorbed into bamboo charcoal powder, in the ratio 3 L/8 kg. The birds were fed a starter diet until 56 days of age and a finisher diet from 57 to 140 day old. Feed and water were provided ad libitum. Feed intake and body weight were measured weekly.
Protocol for Gross Anatomical Evaluation of the Carcass and Visceral Organs
At the end of feeding period, the chickens were decapitated. Subsequently, the carcass, heart, liver, gizzard and each of the intestinal regions were collected from four male and four female birds per group to observe gross anatomical changes. Organ weights and intestinal lengths are presented relative to body weight (g/100 g body weight and cm/100 g body weight, respectively).
Tissue Sampling and Measurement
Another 4 male birds per group were used for morphometrical and histological observations of the villi in each intestinal segment. After decapitation, their intestine and cecum were removed. The midpoint of the duodenum, the midpoint between the bile duct entry and Meckel's diverticulum (jejunum) and the midpoint between Meckel's diverticulum to the ileo-caecal junction (ileum) were fixed in 10% neutral-buffered formalin. After dehydration in graded alcohol, each intestinal segment was embedded in paraplast. Transverse 4 μm sections were cut, and stained with haematoxylin and eosin. Villus height and villus area were determined at a 10× magnification using a light microscope. Villus height was measured from the villus tip to the bottom. The mean villus heights from 4 birds (16 villi from 8 different sections in each segment per bird) were expressed as a mean villus height for one group. Villus area was calculated from the villus height, basal width and apical width. A total of 16 calculations of the villus area were made for each bird. The average of these was expressed as the mean for each bird. Finally, the mean across 4 birds was calculated and considered the mean villus area for one group.
Fecal Microflora Analyses
To study the effect of BCV on the growth of fecal pathogenic bacteria, 12 male chickens were raised in individual cages until 55 days of age, with ad libitum access to water and basal diet. At 56 days of age, the birds were randomly allotted into the four dietary treatment groups (3 birds/group) of similar mean body weight. The basal diet was supplemented with BCV at 0, 0.5, 1 and 1.5% level, ad libitum until 140 days of age. The counts of fecal pathogenic bacteria were determined biweekly from 56 to 140 days of age. To collect the fresh feces from each of 3 birds per group, plastic boxes were set under the individual cages of each bird for 4 hours. The collected fresh feces were transferred to a vinyl bag and blended to obtain a homogeneous mass of feces, and a 1 g sample was transferred to a test tube. The samples were mixed with 9 mL distilled water and homogenized at 2,500 rpm for 1 min. The homogenized samples were diluted between 10 -2 and 10 -6 fold. The Escherichia coli and Salmonella spp. colony counts were determined using Eosin Methylene Blue (EMB) agar (Becton Dickinson, Franklin Lakes, NJ, USA) and Salmonella-Shigella (SS) agar (Becton Dickinson), respectively. Colonies on each plate were counted after incubation in an aerobic chamber at 37℃ for 24 h. Colony forming units (cfu) were defined as being distinct colonies measuring at least 1 mm in diameter.
Statistical Analysis
Statistical analyses were performed using SAS software (release 8.1, SAS Institute Inc., Cary, NC, USA). Data collected for growth performance, fecal microflora population and intestinal morphology were analyzed by one-way analysis of variance (ANOVA), and significant differences between the treatments were determined with Duncan's multiple range test. Carcass trait and visceral organ data were analyzed as a 4×2 factorial treatment structure in a randomized complete block design. Pen location was the blocking factor. Interactions and main effects were evaluated. The results were expressed as the mean and the pooled standard error of the mean (SEM). Differences at P＜0.05 were considered significant.
Results
Growth Performance
The results of growth performance are shown in Table 3 . Feed intake, body weight gain and feed efficiency were not significantly different between the groups, although body weight gain was highest in chickens fed the 1% BCV diet (P＞0.05). In this study, the body weight gains of male chickens fed 0, 0.5, 1 and 1.5% BCV diets were 1.84, 1.85, 2.0 and 1.85 kg, while for female chickens the gains were 1.39, 1.41, 1.39 and 1.38 kg, respectively (data not shown).
Carcass Traits
Supplemental BCV level did not affect carcass, total breast meat and abdominal fat weight and yield, but did affect leg weight, which was highest in chickens fed the 1% BCV diet (Table 4 ). The gain in leg weight was only observed with males, not with females, translating into an BCV level×sex interaction. The main effect of sex influenced carcass trait variables. Male chickens had greater carcass yield, leg yield and lower abdominal fat yield.
Visceral Organs and Intestinal Morphology
Data on visceral organs and intestinal morphology are presented in Tables 5 and 6, respectively. Supplemental BCV level did not affect the relative intestinal length or the relative weight of the visceral organs. Female birds had higher relative intestinal length and weight than male birds. Villus height and villus area of the jejunum were highest (P＜0.05) in birds fed the 1% BCV diet.
Fecal Microflora Population
At 56 days of age, the fecal E. coli and salmonella colony counts were not significantly different between the groups (Table 7) . The colony counts of fecal E. coli were significantly lower (P＜0.05) in the 1 and 1.5% BCV groups than in the other treatment groups, at ages 84, 98, 112, 126 and 140 days, while fecal salmonella count was also significantly lower (P＜0.05) in the same treatment comparison at 98 and 140 days of age.
Discussion
In previous studies, the addition of BCV to diets improved production performance in ducks (Ruttanavut et al., 2009) and laying hen (Yamauchi et al., 2010) . The main purpose of this study was to investigate the impact of dietary BCV on the performance, fecal microflora population and intestinal morphology in Betong chickens. This study demonstrated a slight increase in body weight gain of birds fed the 0.5 and 1% BCV diets. The seemingly minimal weight gain may be due to the lightweight poultry (Betong chicken) used. However, compared with the body weight gain of the control birds, the 1% BCV group was 5% heavier. The improvement in body weight gain obtained in this study could be associated with the beneficial effects of bamboo charcoal and bamboo vinegar liquid. Bamboo charcoal has a higher adsorption capacity than wood charcoal, because of the special micro-pore structure of bamboo stems (ChungPin et al., 2004) , with about 4 times more cavities, 3 times more mineral content and 4 times better absorption rate (Zhao et al., 2008) . Pigs fed a diet supplemented with 0.3% bamboo charcoal grew faster than the controls (Chu et al., 2013) . Alternatively, acetic acid is also the main component of bamboo vinegar liquid. Acetic acid was reported to have an effect on intestinal functions and metabolism (Lutz and Scharrer, 1991) . It was also reported to inhibit the growth pathogenic bacteria and accelerate the growth of beneficial bacteria (Watarai and Tana, 2005) . Beneficial bacteria, such as Lactobacillus and Bifidobacterium can enhance the metabolism of host birds and improve gut efficiency by increasing nutrient absorption (Gabriel et al., 2006) celerating gut development (Furuse et al., 1991) , whereas harmful bacteria damage the villus and microvillus of intestinal mucosa and inhibit the secretion of digestive enzymes (Xu et al., 2003) . Thus, it is likely that the higher body weight gain for chickens fed the 1% BCV diet in the current study was induced by both bamboo charcoal and bamboo vinegar liquid. Results from this study revealed that birds fed the 1.5% BCV diet had similar body weight gain to those of the control birds. The reason could be that at a high level of dietary charcoal, nutrients such as vitamins, fats and enzymes as well as noxious substances may be adsorbed, and interfering with digestion (Kutlu et al., 2001) . The results showed an increase in leg weight of male chickens fed BCV diets, correlating with the results of male body weight gain. The male chickens overall had heavier carcass, total breast meat and leg weights, and lower abdominal fat than female chickens. Other research has noted that males have higher carcass and breast weights and lower abdominal fat percentage (Kidd et al., 2004; Dozier et al., 2011) . In the present Betong chickens fed the 1% BCV diet, the body weight gain was highest. In these birds, jejunal villus height and jejunal villus area were higher than those of other groups. Similarly broilers showing improved growth performance had increased intestinal villus size (Mathlouthi et al., 2002) and villus height (Xia et al., 2004) . Caspary (1992) suggested that increased villus height is indicative of a greater absorptive surface area and a better capacity for absorbing available nutrients. Villus height is increased by enhanced efficiency of digestion and absorption in the small intestine, due to a population of beneficial bacteria that supply nutrients and stimulate vascularisation and development of the intestinal villi (Gilmore and Ferretti, 2003) . Choct (2009) reported a shorter villus when the counts of pathogenic bacteria increase in the gastrointestinal tract, which results in fewer absorptive and more secretory cells. In the current study, supplementing the diet with 1 and 1.5% BCV decreased fecal E. coli after 28 days of BCV feeding, and decreased fecal Salmonella spp. after 42 days of BCV feeding. This may be due to the organic acids in bamboo vinegar reducing the growth of pathogenic bacteria. As a result, it may reduce intestinal colonization and slow infectious processes, thereby decreasing the inflammatory process in the intestinal mucosa, which improves villus height and its functions of secretion, digestion and absorption of nutrients (Iji and Tivey, 1998) . Yamauchi (2007) reported that increased villus height and villus area in the intestine are indicators that the function of the intestinal villi is activated. The present results suggest that 1% BCV could stimulate the intestinal function in the jejunum. This result is in agreement with the previous finding of Isshiki et al. (1989) who reJournal of Poultry Science, 51 (2) ported that in chickens fed a conventional diet, most of the ingested nutrients were absorbed in the upper part of the intestine.
In conclusion, 1% dietary BCV increased the size of intestinal villi in the jejunum, decreased fecal pathogenic bacteria counts, resulting in higher body weight gain. This suggests that 1% BCV can be used as a natural growth promoter in chicken diets.
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